Abstract
Furthermore, the proposed designs had a new feature which is multiband for both functions compared to [21] . However, there was mismatch when the function is switched into SPDT switch. Therefore, two shorted stubs were introduced at the output ports for matching the 2.5 GHz and 3.5 GHz SPDT switch. In this paper, two proposed designs of reconfigurable power divider with SPDT switch function were designed, simulated and investigated.
Research Method 2.1. Wilkinson Power Divider and Design Equation
In 1960, Ernest Wilkinson proposed the Wilkinson power divider (WPD), which gives isolation between ports at the output, and is adept to match in all ports. It can also be lossless when the port at the output is matched [22] . Figure 2 shows the equal transmission line circuit for WPD that delivers an equal force to both ports at the output [9] . Figure 2 . The circuit model of transmission line for WPD [9] WPD is a three-port network that consists of one input port and two output ports as shown in Figure 2 . Generally, the power can be divided equally or unequally at two different working frequencies depending on the application. Based on the conventional WPD, two WPDs were designed for working frequencies of 2.5 GHz and 3.5 GHz. Z0 value of 50 Ω was used in the design. Furthermore, the design also included an isolation resistor of isolation resistor with a value of 2Z0=100 Ω and an impedance of a quarter-wave section split transmission line with a value of √2Z0=70.7Ω. In (1) shows a perfect scattering matrix (S-matrix) of WPD with a load. The S-matrix shows that when a signal enters Port 2, it will be the same as Port 3, as it is Figure 2 (a), when D5, D6, D7, D8, D11, D12, D13 and D14 are turned off, the circuit operates as a power divider at a frequency of 2.5 GHz and when D1, D2, D3, D4, D11, D12, D13 and D14 are turned off, the power divider operates at a frequency of 3.5 GHz. Meanwhile, for Figure 3 (b), when D5, D6, D7, D8, D13, D14, D15 and D16 are turned off, the power divider operates at 2.5 GHz. When D1, D2, D3, D4, D13, D14, D15 and D16 are turned off, the power divider operates at 3.5 GHz. Figure 4 (a) and Figure 4 (b) show the circuit configurations when the circuit operates as a power divider at 2.5 GHz and 3.5 GHz, respectively.
From Figure 3 (a), in order to turn off one of the connected output ports for SPDT switch function, PIN diode D9 or D10 are turned off. Meanwhile, for Figure 3 (b) , when D10, D11 and D12 are turned off, Port 3 will achieve the SPDT switch function. Whereas, when D9, D10 and D12 are turned off, Port 2 will be disconnected. However, there will be a mismatch when one of the output ports is turned off. This can be overcome by placing the stubs at the output port. Hence, two stubs were placed at the output port for matching SPDT switch at 2.5 GHz and 
Results and Analysis 3.1. The Proposed Designs of Reconfigurable Power Divider
In the proposed designs, two modified WPD designs were combined. By using PIN diode, it reconfigured the length of the transmission line of the power divider. From Figure 3 , PIN diodes D1 to D8 controlled the operating frequency of the proposed designs. The proposed power divider in Figure 4 was simulated to obtain the S11, S12, S13, S21, S31 and S23 at 2.5 GHz and 3.5 GHz. Figure 6 and Figure 7 show the results for S11, S12, S13 and S23 at 2.5 GHz and 3.5 GHz, respectively. For the power divider of Design A, PIN diodes D11 to D14 were turned off. Meanwhile, for Design B, D13 to D16 were turned off. The PIN diodes were connected to the matching stubs. These matching stubs only turned on for the SPDT switch function.
(a) (b) Figure 6 . S11, S12, S13, S21, S31 and S23 results for modified WPD (a) design A and (b) design B at 2.5 GHz.
From Figure 6 and Figure 7 , the results of the S-parameters for Design B had better performances than Design A. The isolation for Design A was not ideal in Figure 6 (a), as the isolation must be less than -10 dB.
(a) (b) Figure 7 . S11, S12, S13, S21, S31 and S23 results for modified WPD (a) design A and (b) design B at 3.5 GHz. 
Design of Reconfigurable SPDT Switch
In Design A, PIN diodes D9 and D10 played an important role to switch from reconfigurable power divider to SPDT switch. When one of the PIN diodes (D9 or D10) is turned off, the proposed design will act as a SPDT switch. It can switch either using Port 2 or Port 3. In addition, the SPDT switch was also reconfigurable in terms of its operating frequency. It can operate at 2.5 GHz or 3.5 GHz. However, when one of the ports is turned off, there will be a mismatch. Therefore, in the proposed designs, two stubs were added to overcome this problem. One stub for matching the SPDT switch at 2.5 GHz and the other at 3.5 GHz. These stubs will be turned on when needed. For example, in Design A, when Port 2 is needed to be turned on, PIN diode D9 will be turned on and D10 will be turned off. For the matching stubs, D11 will be turned on for the SPDT switch function at 2.5 GHz.
Meanwhile, in Design B, the position of the switch was different from Design A. The PIN diodes, which controlled the switchable function, were D9 to D12. These PIN diodes controlled the connection of the output ports; Port 2 and Port 3. The matching stubs were connected to PIN diodes D13 to D16. The position of the matching stubs in Design B was also different compared to Design A as shown in Figure 3 . Figure 8 and Figure 9 show the return loss, S11, insertion loss, S12, S13 and isolation, S23 at 2.5 GHz and 3.5 GHz for SPDT switch, respectively. It can be seen that both frequencies have return loss of less than -15 dB, insertion loss less than -2 dB and isolation less than -20 dB. From Figure 8 (a) and Figure 9 (a), Design A has infinity isolation because the design is still in ideal form, whereas for Design B, the isolation is below -30 dB.
(a) (b) Figure 8 . Simulation result, S11, S12, S13, S21, S31 and S23 for SPDT switch (a) design A and (b) design B at 2.5 GHz.
(a) (b) Figure 9 . Simulation result, S11, S12, S13, S21, S31 and S23 for SPDT switch (a) design A and (b) design B at 2.5 GHz. Parametric study was done on Design A to improve its performance for both functions at 2.5 GHz and 3.5 GHz. However, it cannot be further improved for both functions. It cannot achieve good performance, as expected. Meanwhile, for Design B, after the position of the switches and matching stubs was changed, the design managed to achieve the expected outcome for both functions either at 2.5 GHz or 3.5 GHz. Table 1 shows the comparison of the proposed designs, Design A and Design B, in terms of performances. Design B had a better performance than Design A for both functions at different operating frequencies. 
Conclusion
Two proposed designs of the reconfigurable power divider with SPDT switch function with different positions of switches and matching stubs were successfully designed, simulated, and investigated. The simulation results for power divider of Design B were good at both frequencies with return loss of below -20 dB, S12/S13 better than -3.990 dB and isolation less than -20 dB. Meanwhile, for the SPDT function of Design B, the simulation results were also good at both frequencies with return loss of less than -15 dB, insertion loss better than -2 dB and isolation less than -30 dB.
